and a fragment of antigen, of mol wt ~55,000, which we termed GRF (genetically related factor), adequately replaced the function of the adherent accessory cells (17) . GRF only activates T cells which share the I region with the GRF donor strain (18) . The mechanism of the genetic restriction of GRF--T-cell interaction (or macrophage--T-cell interaction) has been investigated in a number of ways to exclude the possibility that it was caused by a form ofT-cell suppression. No suppressor cells were detected by admixing experiments, use of antisera to kill suppressor cells, or chimeric mice which contain two mutually tolerant lymphoid cell pools (19) . T cells from irradiation chimeras made by injecting anti-0-treated bone marrow cells of both parental types in lethally irradiated F1 mice retained their genetic restriction, (self preference) despite the fact that they would have been exposed to both parental MHC antigens in the thymus (19) .
These results with chimeric mice appear to be contradictory to those of Zinkernagel et al. (15) , which suggest that T cells also learn to recognize as self the other parental MHC antigens present in the thymus. They are also at variance with the results of Miller et al. (20) on DTH. They found that T cells from chimeras injected with antigen lost their genetic restriction. However, the studies of Zinkernagel et al. (15) involve T-killer cells, and those of Miller delayed hypersensitivity T cells, both of which are different from the T cells which interact with GRF or macrophage-like cells in helper cell induction (20, 21) . For these various reasons a more detailed analysis of T helper cell induction with T cells from various types of chimeras (e.g. P --~ Fx, F1 --~ P, allophenic) was performed to analyze the development of the T-cell repertoire. The results indicate that the full development of T-helper cell immunocompetence requires the presence of a radioresistant host cell (presumably thymus epithelium), as previously shown for T killer cells by Zinkernagel. However there was an additional stage for helper cells which depends on macrophage-like cells.
Materials and Methods
Animals. All mice including F1 hybrids with the exception of the chimeric mice were bred at the Institute for Microbiology, University of Basel.
Radiation Chimeras. All the radiation chimeras were prepared at University College, London, using protocols similar to Sprent (22) or Zinkernagel et al. (14, 15) . The following combinations were made: P --* F1. F1 (B10 × CBA) mice ~ 10 wk old were irradiated with 900 rads using a 6°Co source and intravenously injected with 10 X 10 e anti-Thy I + C'-treated bone marrow cells of C57BL/10 (B10) mice. F~ --~, P:B10 mice were irradiated twice 600 rads and 900 rads 2 wk apart, and injected with 107 anti-Thy 1 + C' treated (B10 × CBA) F1 bone marrow cells. P1 + P2 --* FI: lethally (900 rads) irradiated FI hybrids (either (B10 X CBA) F1 or (CBA × B 10.D2)FI) were reconstituted by i.v. injection of 5 X l0 s anti-Thy 1 + C'-treated bone marrow cells of each parental strain. All chimeras were rested for at least 3.5 mo and tested for chimerism before use.
Allopheni¢ Chimeras. Allophenic mouse chimeras were produced at the Mammalian Development Unit, University College, London. The references for the methods are detailed elsewhere (23, 24) . Briefly, 8-cell stage embryos were taken from the oviducts at the 3rd d of pregnancy (vaginal plug ffi 1st d). Zonae pellucidae were removed by treatment with 0.5% pronase (Calbioehem-Behring Corp., American Hoechst Corp., San Diego, Calif., in 1% polyvinylpyrrolidone Kgo in phosphate-buffered saline [PBS] ) and a pair of embryos was aggregated in a culture droplet (11) under paraffin oil with fine forceps. After culturing embryos at 37°C in 5% CO2 atmosphere for 24-48 h, mosaic blastocysts were taken out and transferred surgically into a uterus of female mice on the 3rd d of pseudopregnancy.
Antigens. The antigens used were keyhole limpet hemocyanin (KLH), donated by Dr. M. Rittenberg, University of Oregon Medical School, trinitrophenylated KLH (TNP-KLH), and dinitrophenylated chicken gamma globulin (DNP-CGG). Conjugates used had 14 groups of TNP per 100,000 daltons of KLH, and 15 groups of DNP per 150,000 daltons of CGG. DNPpolyacrylamide beads (DNP-PAA), a thymus-independent antigen, was kindly prepared by Dr. M. Baltz, University College, London.
Immunizations. Mice were primed intraperitoneally with 100 /~g DNP-CGG coupled on bentonite (25) and boosted with I00 #g soluble DNP-CGG 10 d before use as a source of DNPprimed B cells. For the priming of helper cells mice were given 100 #g KLH-bentonite twice at an interval of 2 wk and were then rested for at least 6 wk. Some P --÷ F1 chimeras received only one i.p. injection of 100/~g KLH-bentonite but simultaneously at the same site 5 × 106 bone marrow derived macrophages of CBA origin which had been cultured for 7 d in vitro, or 10 × 108 anti-Thyl + C'-treated CBA or B10.D2 peritoneal exudate (PE) macrophages induced with 2% starch 4 d previously. The bone marrow-derived marrow macrophages were kindly provided by Dr. A. Mueller, Ciba-Geigy Ltd. Basel. There was no difference in the outcome of experiments using either bone marrow derived macrophages or PE macrophages. 
Treatment with Anti-H-2 Sera.
To test for chimerism 3 × l0 s spleen or T cells from chimeric or F~ mice were incubated with 30/~1 of the appropriate dilution of anti-H-2 sera and 30/11 medium for 30 min at 4°C. The cells were then washed and incubated with 60 /.d rabbit complement (absorbed with mouse spleen and liver cells, diluted 1:2) for 30 min at 37°C, and immediately cooled down in a ice-bath. As control cells were incubated either with complement only or with medium alone. The killing activity of the antiserum was determined by the trypan blue dye exclusion test and calculated as percent of the medium and complement control. All chimeras were tested that way before use in experiments. F~ cells were used as control to test the activity of the anti-H-2 sera.
To remove one haplotype an appropriate number of chimeric T cells (usually ~ 50 × 106) were treated with 50/~1 of an anti-H-2 serum for 30 min at 4°C, then washed and incubated with 50/~1 C' for 30 rain at 37°C. The cells were then washed twice in excess of medium, counted, and the number of reduction compared to the one obtained by testing for chimerism.
Cell Preparations. The preparation and purification of T cells, B cells, and macrophages has been described previously (16, 27) .
Tissue Culture Conditions. The culture systems as well as the media used have been described in detail elsewhere (16, 19, 26) . For helper cell induction or restimulation of in vivo primed helper cells the Mini-Marbrook system (19) 165 ± 105 * = P < 0.05; ** = P < 0.01; *** = P < 0.005 for Tables I-VII (Table II) . Only F1 and B 10, but not CBA macrophages were effective in restimulation of primed nylon wool purified T cells with KLH, as tested by their ability to help DNP-primed F1 B cells to generate IgM as well as IgG antibody-forming cells. The failure of CBA macrophages to restimulate could be due to the fact that in the F1 hosts H-2 b stem cells would generate cells which are exclusively of the H-2 b haplotype, including macrophages. The residual (B10 × CBA)F1 macrophages would be very small in number; and thus the T-cell pool would respond to KLH associated with H-2 b type macrophages, and subsequently then would preferentially respond in vitro to the same antigen-macrophage complex. If this prediction is correct, it should be possible to restimulate with H-2 k type macrophages as well provided such macrophages are made available during the in vivo priming. This was tested, in b --* (k × b)F1 chimeric mice which were stimultaneously injected with KLH (100/~g) and purified macrophages of the CBA or B 10.D2 strain. As a source of macrophages cultured bone marrow-derived macrophages were used because they are not contaminated with lymphocytes. 6 wk later T cells of these animals were restimulated in vitro with KLH and macrophages of either F1, B10, CBA, or B10.D2 mice. Table V shows that under these conditions F1, B10, and also CBA, but not B10.D2 macrophages were effective in restimulating P --* F1 chimeric T cells. Thus the results indicate, that P --* F1 T cells have the potential to recognize both H-2 k or H-2 b, but not the unrelated H-2 a macrophages as self, i.e. they are restricted to cooperation with H-2 b and H-2 k type macrophages. (Table III) . The results show that only F~ and B 10, but not CBA nor B 10.D2 macrophages generated helper cells in vitro. There was no evidence for induction of suppressor cells by incubating (F1 --* P) T cells with KLH and CBA macrophages (Table III) , and CBA macrophages were functional since they induced helper cells if incubated with CBA T cells and KLH (data not shown).
Similar results were obtained if T cells from in vivo antigen primed F1 --~, P chimeras were tested for restimulation with KLH and F1, B10, or CBA macrophages (Table IV) . Only F1 and B 10 macrophages were able to restimulate KLH primed T cells. CBA macrophages were not active in restimulation of the same T cells. In that  Table the The results indicate that F1 T cells which differentiate in the H-2 b host are restricted to cooperation with H-2 b (or F 0 macrophages and will not recognize some of their own alloantigens (H-2 k) as self. 
This experiment was repeated five times with concordant results. x-s See Table I for *, **, ***, and other symbols.
5 X 10 * PE macrophages (starch induced) from B 10.D2 strain were added into the cooperation culture to provide the same macrophages as for helper cell induction. Table, 4 See Table II, s  5 See Table III Table I . Nylon wool purified T cells were treated with either anti-H-2 k or anti H-2 h serum and complement. As allophenic chimeras were tested individually and the cell number obtained was not always sufficient, only selected cultures were set up with the T cells obtained after the anti-H-2 treatment. 2 2 × 10 ~ HC were added to 3 × 10* unprimed Ft (CBA × BI0) B cells and TNP-KLH s.5 See Table I. 6 See Table V. 7 The code number of the individual allopbenic chimeras. 
TABLE IV

and Table V). This observation is very similar to the P --~, F1 (b --~ [kxb]F1) experiment in which CBA macrophages are also unable to generate helper cells if incubated with normal P --* FI T cells and KLH. However, anti-H-2 k or anti-H-2 b and complement-treated T cells from in vivo antigen primed P1 + P2 --* F1 (CBA × B10) chimeras can be restimulated with CBA or B10 macrophages equally well (Table VI), indicating that there is the potential to respond to the opposite haplotype. That this result is not due to inadequate anti-H-2 treatment is demonstrated by the fact that a one to one mixture of in vivo primed CBA and B10 T cells treated with anti-H-2 k and C' only cooperated with DNP-primed F1 B cells if incubated with KLH and B10 macrophages but not if incubated with CBA macrophages, or vice versa (Table VI). The different behavior of T cells of P --~ FI from P1 + P2 ---~ F1 (treated with anti-H-2 + C') chimeras indicates that the donor cells which differentiate into T cells and learn to recognize the H-2 haplotype of the host as self during differentiation in the irradiated
Discussion
The use of chimeric mice has facilitated the analysis of T-cell recognition of antigen, and of MHC structures (14, 15, 19, 20, 22, 29-32 A cells--after treatment to kill B cells. B cells--after treatment to kill A cells.
determines the potential T-cell repertoire. The second, a selective or proliferative stage, determines which of the potential repertoires is expressed at a reasonable (detectable) frequency in the peripheral T-cell pool. This stage depends on macrophage-like antigen presenting cells. The evidence for the two stages in the development of immune competence rests on the results obtained with P -~* F1 and Fx --~, P chimeras as summarized in Table VIII . The latter chimeras have T cells which, despite having H-2 k alloantigens on their surface, do not interact with H-2 k (CBA) macrophage-like cells (Table III) . This indicates that a radioresistant host cell is critical in determining immunocompetence of T cells, and as T cells develop in the thymus this step presumably occurs there. The defect appears to be absolute, as no help is generated with H-2 k macrophages in vitro even after in vivo priming of these Fa --+ P chimeras, which would contain F1 macrophage-like cells (Table IV) . This is unlike the situation with P1 + P2 --+ F1 chimeras, where self preference is demonstrable in T cells from unprimed mice but not after in vivo priming which expands small clones of cells to detectable levels (Tables V and VI) . Evidence for a second stage in T-cell development comes from the P --+ F1 chimeras, T cells of which will recognize only antigen associated with the stem cell donor's macrophage-like cells (Table I) , unless the chimeric mice are reconstituted with F1 or the other parental macrophages just before priming in vivo. This maneuver yields a T-cell pool which will respond to antigen and macrophages of the other parental type, demonstrating that T cells capable of recognizing antigen in association with these (H-2 k) macrophages must have been present, either in small numbers capable of being expanded by priming, or in a partly differentiated state capable of differentiating further in the presence of H-2 k macrophages. Currently the data available cannot discriminate between these hypotheses, although the former seems to be the most likely. The actual events in the first permissive stage taking place in the thymus are also a matter of speculation (32, 33) .
Suppression as a mechanism of nonresponsiveness to a particular type of macrophage is unlikely as mixing nonresponding histocompatible helper cell pools with active helper cells yielded an undiminished response (Tables I-IV, VI) .
The major unexpected findings were noted in the biparental P1 + P2 --* F1 chimeric mice, T cells from such unprimed mice show marked self preference for the cells with which they will cooperate (Table V, reference 19 ). This result, was unexpected on the basis of the results of Zinkernagel et al. (14, 15, 34) investigating T-cell cytotoxicity or the results of Miller et al., (20) by investigating DTH. However the loss of genetic restriction noted (Table VI) after in vivo priming with antigen is totally analogous with Miller's data and would argue that the self preference is clearly not absolute, and may be a quantitative phenomenon only, with self preference due to a higher frequency of anti-self reactive clones. In tissue culture, the number of T cells used is relatively small, as is the period for T-cell proliferation, thus potentially converting quantitative differences in helper precursor frequencies into apparently qualitative differences.
Since chimeric mice may also be made by the fusion of fertilized eggs at the eight cell stage (23) , such allophenic chimeras were thus also used for experiments to investigate the T-cell recognition potential. In contrast to irradiation chimeras, T cells from unprimed allophenic chimeras did not show self preference for the accessory cells with which they will collaborate. There are some differences in the nature of the immune system of these two kinds of chimeras: first, in allophenic mice cellular chimerism is created long before the immune system begins to develop in the embryo, whereas in irradiation chimeras adult bone marrow stem cells are introduced and allowed to differentiate in the irradiated hosts of adult mice. Second, the antigenic composition and density of the microenvironment in which lymphocytes differentiate, such as the thymus epithelium differ. In P1 (or P1 + Pz) --* F1 irradiation chimeras, the thymus epithelium expresses both MHC antigens codominantly e.g. (H-2b/H-2k). On the other hand allophenic thymic epithelium must be a mosaic of patches of the two cellular antigens (H-2b/H-2 b and H-2k/H-2k), and the antigenic density of only one parental haplotype is higher in the latter situation. It can be assumed that the thymus epithelium was chimeric in the allophenic mice, or else they would not have responded to both macrophage-like cell types. Third, irradiation chimeras suffer from the side effects of irradiation, such as the increased susceptibility to infections. It is conceivable that the above may cause the difference between the two kinds of chimeras with respect to the capacity of T-helper cell induction by the macrophages. If we take a view that allophenic chimeras are closer to normal animals than irradiation chimeras in all respects of the properties of the immune system, the apparent lack of self-preference from unprimed allophenic mice makes the possibility of a like-like interaction of MHC structures involved in the T-cell recognition process unlikely.
It should be stressed that in the chimeras used where self-preference was lost this was only to the haplotypes involved in the chimera, never to third party haplotypes (Tables II, III , VI, VIII). This is unlike the results obtained by Pierce et al. (35) .
The experiments reported here have resemblances to those recently reported by Sprent (22) who also investigated F1 --* P chimeric T cells. These were primed in vivo, in irradiated F1 mice, and cooperated in irradiated F1 mice only with F1 B cells or B cells H-2 compatible with the strain in which the T cells were raised. These results suggest that there is genetic restriction of T-B cooperation, as it may be expected that the irradiated host's F1 macrophage-like cells would suffice. However, this need not be the case as the actual antigen presenting cells may be very uncommon macrophages which may not function well in irradiated mice. In our experiments reported here, in vitro induced helper ceils were assayed with anti-Thy 1-treated spleen cells of F1 and both parental strains. In all these experiments, of which only two are shown (Table  IV and V), T-B genetic restriction was noted, which was overcome by adding macrophages of the H-2 type involved in the initial priming phase. This is the same result as previously reported using F1 T cells and P macrophages, both by ourselves (19) or by McDougall and Gordon (36) . We cannot easily reconcile the differences between the results obtained with in vivo priming and assay ofT cells (22, 37) and in vitro priming and assay. This is not due to the nature of the response (IgM or IgG) or the degree of B-cell priming, but must be due to the different nature of the helper ceils induced or assayed in the two systems. Perhaps the simplest explanation is that the in vitro primed helper cells collaborate with B cells by means of antigen-specific helper factors which are not genetically restricted in their effects, (38) (39) (40) and are much easier to demonstrate using in vitro than in vivo assays. In contrast the in vivo primed helper cells used by Sprent (22, 37) do not release helper factor, and may collaborate by cell contact. It is striking that a prediction of the model based on Sprent's results, namely that T helper cells recognize the same Ia and antigen on a macrophage surface during helper cell induction, as on the B-cell surface during helper cell expression (T-B cooperation), has not been borne out by the in vitro tests of Marrack and Kappler 3 who found that the need for responder B cell (but not responder macrophages) could be circumvented by the use of Con A induced nonspecific helper factors in vitro. The latter observations imply that during T-B collaboration in vitro T cells do not need to recognize antigen and responder type Ia on the B-cell surface, and would be consistent with a heterogeneity of T-B collaborative mechanisms.
Despite these unresolved complexities, certain conclusions can be reached, namely that the genesis ofT-helper cell immunocompetence involves two steps, one dependent on a radioresistant host cell, presumably in the thymus, and the other on macrophage-like cells. The mechanisms of these two stages require further investigation.
Summary
The genetic restriction in the T-cetl-macrophage-like cell interaction in helper cell induction was investigated with allophenic and irradiation chimeras of various types. Using T cells from P --* F1 chimeras, there was a restriction of cooperation with the parental haplotype accessory cells, unless the chimeric mice were repopulated with macrophages of the opposite haplotype before priming. T cells from primed or unprimed F1 --* P chimeras only cooperated with recipient type accessory cells. These observations led to the hypothesis that there are two stages in the genesis of immunocompetence of T helper cells, one dependent on the thymus, and the other on peripheral macrophage-like cells. Purified T cells from P1 + P2 --~ F1 irradiation chimeras behaved in an unexpected manner in the unprimed state, preferring to cooperate with their own haplotype macrophages. This self preference was lost after antigen priming in vivo and was not noted in allophenic chimeras. This loss of self preference was restricted to the haplotypes represented in the chimeras, and did not extend to third party haplotypes.
While these in vitro induced helper cells from chimeric mice show clear genetic restrictions at the T-cell macrophage-like cell interaction, there was no evidence for a matching T-B genetic restriction.
